Grassland arthropod diversity is often linked to heterogeneity in vegetation structure, plant species composition and the general structure and physical complexity of the habitat (Lawton 1983 , Evans 1984 , 1988a The combined effects of large-scale, controlled burns of different frequency, bison grazing activity, and topography on the local diversity of grasshoppers (Orthoptera: Acrididae and Tettigoniidae) in a North American tallgrass prairie landscape are examined here. Long-term, landscape-level experimental manipulations of bison grazing and fire using controlled spring burns at the Konza Prairie provide an opportunity to investigate the importance of landscape-level disturbances on grasshopper species diversity. The primary hypothesis is that grasshopper diversity increases in response to disturbance from bison grazing and burning treatments to the degree that habitat heterogeneity is increased Smeins 1999, Fuhlendorf and Engle 2001) . At issue here is the challenge to understand the origin and nature of the underlying mechanisms that promote local species richness of dominant insect herbivores in grassland, using North American tallgrass prairie as a model.
METHODS

Konza Prairie
The Konza Prairie (near Manhattan, Kansas, USA); 39005' N, 96035' W) is a tallgrass prairie typical of the Kansas Flint Hills, which exhibits a highly variable Midwestern United States continental climate consisting of wet summers and dry, cold winters (Knapp et al. 1998b ). Konza Prairie is a large, protected research site (3487 ha) with long-term, watershed-level burning and bison-grazing experimental treatments (Knapp et al. 1998b ). Mean annual precipitation is 835 mm, most of which occurs during the primary growing season. Precipitation and net primary productivity (NPP) are highly variable among years, and to a lesser degree among sites within years. Lower than average precipitation and NPP were seen in 2002. The flora is dominated by warm-season tallgrass species (e.g., Andropogon gerardii Vitman and Sorghastrum nutans (L.)); mid-and short-grass species can be common on sites with shallow soils. Over 300 forb species can be found, but grasses contribute -80% to the total biomass.
Fire interval and grazing treatments applied at the watershed level comprise the long-term management of the site. Knapp et al. (1998b Knapp et al. ( , 1999 An index of species diversity was calculated using the Shannon diversity index (H' = -Ep, In Pi, where pi is the proportion of individuals found in the ith species) (Magurran 1988 ). The Shannon diversity index is distributed normally and was used as a dependent variable in ANOVA (Magurran 1988 ) to determine how burning and grazing affect species diversity. Evenness indicates the relative contribution of all species to the calculation of the diversity index. Evenness (E) for each sample was calculated as: E = H'/ln S (Magurran 1988) , where a value of 1.0 results when all species are equally abundant. All variables were transformed to assure normality and equal variances among treatments using square-root (species richness), natural log (H') and sin-' square-root (evenness) transformations before analyses were performed; results are presented in their nontransformed states.
Ordination of taxonomic composition
Principal-components analysis (PCA), an eigenanalysis ordination technique that maximizes the variance explained by each successive orthogonal axis, was used to examine community-level taxonomic responses to treatment combination. Differences in site-specific scores indicate the degree to which grasshopper communities have different species or show differences in relative abundances of shared species based on the entire set of species. I used PC-Ord software (McCune and Mefford 1999) in the analyses to extract axes that summarize the taxonomic composition of each representative grasshopper community for each site. The first three PCA axes were assessed using ANOVA to determine how regional landscape factors, local factors (Fig. 2a) . Moreover, grazing affected the species richness-area relationship (Fig.  2b) , where species richness increased with the area in grazed watersheds, but not in ungrazed ones. Moreover, E increased marginally with species richness in ungrazed sites, but no relationship between species richness and E was observed for grazed watersheds (Fig. 3) . Grasshopper species richness responded significantly to habitat characteristics described by vegetation (Fig. 4) Modulating insect diversity through habitat modification from landscape-scale disturbance In this study, grasshopper communities from North American tallgrass prairie responded strongly to effects of bison grazing and spring burning, results consistent with related studies (Evans 1984, 1988a, b, Fay 2003) . Fire had its greatest impact on the taxonomic composition of grasshopper communities, whereas grazing more strongly influenced both overall species richness and evenness as well as actual species composition. Grasshopper community responses result primarily from indirect effects of disturbance from fire and grazing on habitat characteristics, including both plant species composition and resulting structural attributes of vegetation.
Fire and grazing caused strong and consistent responses affecting habit characteristics, which in turn 1984, 1988a, b) , and in the obvious shift in taxonomic composition of grasshopper species assemblages.
Two complementary processes act to facilitate both increased overall population size and species richness-factors that affect the likelihood of local extinction and those that promote more species because of increased numbers of resources as expected in a heterogeneous habitat. Here, a positive relationship was observed between overall grasshopper density and species richness. While interpretations linking overall density and species richness are potentially tautological, the relationship suggests that factors favorable for supporting increased abundances of populations of individual species (thus increasing total grasshopper numbers) in turn contribute to increased local species richness as an independent assembly. This relationship is reinforced by an area effect influencing species richness. Without additional information, it is not known whether or not species interactions play an important role in determining species richness or patterns of species coexistence in this context. Results presented here are consistent with the idea that local conditions permit populations to achieve sufficient size to become selfsustaining rather than act as sink populations susceptible to repeated local extinction. In an independent assembly of species model, increased species richness then follows as more populations become self-sustainable because of a good match between habitat conditions and species needs.
The spatial extent of disturbance at landscape levels may often act to increase diversity of consumers (especially arthropods) at local scales, but interactions with disturbance may be necessary for landscape effects to operate. Area effects on species diversity are well known for many taxa (Rosenzweig 1995) . Here, for example, no effect of watershed area on species richness was observed without disturbance from grazing, but was detectable when grazing was operating. In part, this may reflect responses of local populations and their ability to persist based on population size as indicated above. Extinction is more likely in small populations. Bison grazing treatments at Konza Prairie result in higher grasshopper abundance overall with positive consequences to almost all species (Joern 2004). As seen here, more species are found on average at sites that support higher overall grasshopper densities, and the accompanying evenness component of diversity is higher at these sites. This suggests that disturbance accompanying grazing redistributes the quality and quantity of resources to support increased population sizes of many species, which in turn leads to the buildup of greater species diversity.
As habitat conditions and resources diversify in response to fire and grazing, more taxa can coexist at the local scale. , and recent grazing activities determine the extent and patchiness of subsequent burns. In this sense, diversity can beget diversity, although in an indirect fashion. Additional studies are needed to work out specific details of these responses. Nonetheless, it is clear that the same largescale system drivers that result in increased plant species richness often alter habitats to facilitate arthropod existence and increase species diversity. In addition to providing insights into the nature of species interactions that promote diversity at the local scale, results of this study indicate the need to develop conservation management plans for grasslands that include arthropod diversity as a goal. Disturbances from fire and especially large mammalian grazing are essential for maintaining arthropod diversity, and vegetation responses to disturbances can be easily monitored to accomplish management goals.
Perhaps more important is the likelihood that results described here are general and reflect responses to disturbance and habitat heterogeneity in a variety of ecosystems worldwide (Huston 1994 ). The importance of habitat heterogeneity and disturbance is known for other organisms besides Orthoptera for grasslands as well as other systems (Wiens 1974 (Wiens , 1984 
